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1 0  PCWOSE 

This document descnbes procedures that shall be used at the Rockv Flats Envuonmental Technologv Site (WETS) 
to descnbe ( log ) geologic materials These procedures shall be followed when loggmg any geologic matenals at 
WETS 

Standardlzed loggmg procedures were unplemented m 199 1 to address mconsistencies m geologic descnptions 
made at different tunes or by different loggmg geologists By applymg standardmd procedures when loggmg 
geologic matends lithologic descnptions are comparable from year to vear and geologist to geologist Reliable 
data can therefore be produced h m  which reliable mterpretations can be made 

2 0  SCOPE 

This document, which supercedes procedure GT 01 constitutes a Standard Operatmg Procedure (SOP) applies to 
all Rocky Mountam Remediation Services (RMRS) personnel and subcontractors conductmg geologic and related 
work at WETS It descnbes the procedures that shall be used at WETS to descnbe geologic matenals m the field 
at the dnll site and m a separate location such as a loggmg facility or laboratory although both phases mav not be 
performed 

In the mid 1990s it became a standard practlce for geologic matenals produced d m g  the mvestigabons to be 
logged m the field usmg only specific portions of  this SOP with the remamder of  the requlrements presented m 
this document omitted The resultmg reducuon m effort was designed to meet the correspondmgly reduced level of 
detail m the geologic data requlred to meet the ObjeCtiVeS of  the affected projects Dependmg on the level of detail 
requued to meet the Objectives of mdividual projects, onlv those achvities and descnptive procedures descnbed m 
this SOP that applv to field loggmg operations will routmely be followed All of  the procedures descnbed m this 
SOP will be completed only i f  specifically stated m the project work plan or other controllmg documents or bv 
wntten msmctions from the Rh4RS project manager 

At WETS and for the purposes of thls SOP the terms alluvial matenal and unconsolidated surfcia1 matenal 
are often used as catch all terms that mclude alluvium colluvium fill and agronomic soils These matenals are to 
be classified and descnbed usmg the Unified Soil Classification System (USCS) and Item 10 1 m ASTM D2488 
Descripnon and Idennficatlon of  Soils (Visual-Manual Procedure) Bedrock matenal, regardless of  the degree of  

weathenng shall be classified and descnbed usmg many of  the procedures and techniques descnbed m Compton s 
Manual of Field Geology (1962) which has been mcorporated with additlonal matenal m this SOP (Note that 
bedrock occumng at the surface does not fall withm the defmition of the term unconsolidated surficial matenal ) 

3 0  REQUIREMENTS 

The followmg sections idenhfy the personnel qualifications and equipment necessary to perform geologic loggmg 

3 1  Personnel Qualifications 

Personnel performmg these procedures are requued to have completed the mitial 40-hour OSHA classroom 
trammg that meets Department of Labor Regulaaon 29 CFR 1910 12qeX3X1) and must mamtam a current 
trammg status by completmg the appropnak 8 hour OSHA refkesher courses Personnel must also have read and 
signed the appropnate Health and Safety Plan(s) Anv other RFETS tmnmg requments that apply must also be 
lidfilled 

‘(I, (4011 930-0062 PlO)(IWR!XPS PRO 101 REVOXIY17/98) 
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Only quahfied personnel shall be allowed to perfom these proccdwm Rbqu- vary dependmg on 
the activity to be performed In general qua~ifications am based On educat~or~, pnvtauS expmencc, on-the Job 
trammg, and supervlsion by qualified personnel Personnel who log g&p matcnals must bo qualified geologm 
or geologic engmeers The subcontrector s p j e c t  manager shall document penonnel qualificatms relatcd to this 
procedure m the subcontractor’s p j e c t  Quality Assurana (QA) files 

mor to cngagmg m geologic l o w &  personnel are nqurrsd to have a eotnpletc un-g ofthe pnmdures 
descrtbed withm thls and certlun related SOPS, and may be r q u d t o  recave spcc.rfic trPlningregarrhng these 
procedures PerJOnnel who log borehole colts must study the RFETS Alluvd Reikmce Set that COaEaifts 
examples of all 15 sample clessificatms w&m the U S C S System, and the Corn Reference Sa that contams 15 
rcprcscntahve samples ofthe seattsraphlc section III the RFETS am. lhc Alhwiol and- IMkmtce Sets are 
used BS reference stan- to help ensure consistency mag loggmg gcologues 

The followmg equipment u necess~ly to log alluvlal and bedrock rrmtenat m the field 

Rock-color chart 
Loglyng forms (Forms PRO IOlA, PKO 101B) 
Field logbook 
Hand lens 
Metal tape at 1-6 k t  long. marked mtentbs offeet 
Core boxes wlth sized dmkrs (for enrmple, fix a 2- to 2-1/2-mch Hnde con a Boise 

Wood blocks (314 mchettuck anda kngth a n d w d r f r d u t w ~ i y e q u o l  to that ofthe axe box 
&vider slots) for meriung dcphs, sample hatms,  and mtervds of lost mcovay 
Jars forcultmgs 

Cascade NO 17-505 top, bocsom, end dlvrdcn would be rpproPnrtt) 

WCillWOlthaadlorAUlS&at~SlZCChaltS 
USCS classlficatlon chart ( F i i  PRO 101-2) 
Llthologlc symbol chart (Figure PRO 1014) 
Pocket h f e  
pI1#y- 
Blackwatsrpoof@amaaent)marlcmandpau 
protecave ctothmg and cqutplwat (see Heaim & SIfietY Plen) 
Hammer 

Table 
clipboard 
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0 Plastic sheetmg for covemg workmg surfaces (e g table) 

0 Flat bladed screwdnver 
0 4 W l  

0 Paper towels 

The followmg additional equipment is requued to log geologic matenals at a loggmg facilitv 

0 

0 

e 

e 
0 

e 

0 

0 

0 

0 

e 

e 

0 

e 

Protractor 
Core reference set 
Alluvial reference set 
Camera (35 mm) with film (Kodak color patch) 
Flashlight 
Bmocular microscope 
Nos 4 10 40 200 and 230 sieves (8 mch) with lid and base 
M o m  and pestle 
Acid (10 percent HC1) m squut bottle 
Water m squut bottle 
Hot plate 
Spot plate 
Beakers (500 ml are appropnate) 
Graduated cylmders (10 ml and 50 ml are appropnate) 
Watch glass 

4 0 INSTRUCTIONS 

This section descnbes procedures that shall be followed when loggmg core or cuttmgs whether m the field or m a 
separate loggmg facility It should be noted that use of the term core m this SOP also refers to cuttmgs except m 
certam obvious mstances and therefore loggmg requuements for core also apply to cuttmgs 

The RMRS project manager and the loggmg geologist shall ensure that all of the matenals and equipment needed 
for loggmg are at the dnll site andlor the separate loggmg facilitv Certam items of equipment typically will be kept 
and used m a separate loggmg facility and will not be transported to mdividual dnllmg locanons 

As discussed m Section 2 0 the entmty of this SOP may not be applicable to each and every geology related 
project Dependmg on the data requmd to meet the mdividual project objectives some loggmg activities descnbed 
m this SOP may be omitted Unless specifically stated m the project work plan other controllmg documents or m 
written mstrucnons fiom the RMRS project manager only those tasks descnbed m this SOP that apply to field 
geologic loggmg will be completed 

If cores or dnll cumngs are to be logged at a separate location removed from the dnll site two forms shall be 
completed Form PRO lOlB the Prellmmary Borehole Field Log (which shall be copied onto the back of Form 
PRO 101A) shall be completed m the field by the ng geologlst, and Form PRO lOlA the Rocky Flats 
Envuonmental Technology Site Borehole Log shall be completed m the core loggmg facility by the loggmg 
geologist The ng geologist s field descnpnons will be more general m nature and will be focused on aspects of the 
recovered core that typically change over short pen& of tune (e g changes m dnllmg rates or encountemg 
perched SaNlSlted mtervais) that would not be evident to the loggmg geologlst The followmg mformation shall be 
recorded on Form PRO lOlB unmediately upon recovenng the core h m  the borehole generalized lithologic 
descnptlons moisture content, depth to water table and all geochemical and geotechnical sample numbers with 
correspondmg sample depths and requested analyses In addition the first four columns of Form PRO lOlA will 

(40011 9306062 930xRMRyoPS PRO 101 REVO)(IY17/98) 
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either be filled out LR the field or the mforrnahon to properly fin our- wdf be provided on Form 
PRO lOlB Cores and loggmg forms shall be delivered to the separate ktd& wgbm one day after fillmg each 
core box The loggrng geologist shall then complete Form PRO lOlA by refinmg and ddmg to the geological 
descnpnons completmg the l i t ho l~c  tog, and addmg other cntncs as necessary to fulfill the requlnmcnrs of t h s  
SOP 

-- . Page 6 of 28 - 

If only field loggmg will be performed, Fonn PRO 101A shall be compktcd by the ng geologw (who under these 

those rcquvements that arc spcc&db omitted m the pJect’S Controllmg documeas, as noted above. Form 
PRO 101s wdl typdly not be completed rn thue lnsta~xs 

cmumstances wll also fill the role of the loegmg gaologtst) to fulfill the qukanem OfmusoP exatptfor 

4 1 General Rwurmnea rs 

The followlng requvanent~ apply r e @ h  of whetha the madsnal consmm uacanso- surticud matakls 
or bedrack 

4 I 1 

After an mterval of core has been cut aud dre sampler has ken ratnevcd, the open ends of the sampler shall be 
scanned for hazardous, and m many CISCIS radtoectve, eoncpnin8tum (The nq\lament to PeFform radroecave 
scans will dcpend on the location ofthednll sr& andthe&W PrOJectrqummnk) A m o r e t h m g h  scan 
shall be made of the me after the sampler has been opeaed. Scanamg shall atS0 be parformod on cuthngs if 
cuttmgs arc bemg collected naffead of corc The field use of molllton for the cMeUxm of v o h k  orgaatcs and 
mhonuclides IS drscursed m SOPS FO 8 Hmdhg of Drill& Flu& aad Cuttmgs, FO IS Irhotoionlzat~#1 
Detecton (PIDs)dFhmeIolllr;8slaa Daoaon(FIDs), andF0 16, FteMRadmlogical Mcasummm Oncethe 

followlng subsemon for a dmcussma 011 ISO- gbologd mnterial suspted of catlgllfl~g ndioactlve d o r  
hazardoussubces 

Scmng the Core or Cuthngs 

core has been scanned, tsball be hukd m acedance wrth the apprqmk - €ie&cmdsatetyPIan scethe 

4 1 2 Mcpkzng and Baring the Carc 
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discussed m Subsection 4 1 1 shall be further segregated accordmg to its potential contammant charactenzation 
(hazardous vs radioactive) and placed m boxes designated for potentially contammated core 

Wooden blocks shall be mserted at the top and bottom of  each core run Black waterproof markers shall be used to 
mark footage values (m tenths of  feet rather than mches) on the blocks Appropnately marked blocks shall also be 
mserted as necessary to designate mtervals of  no recovery mtervals h m  which any high pnontv or tune sensitive 
(e g those for volatile organic compounds or VOCs ) analytical samples have been collected and mtervals fiom 
which potentially contammated core sections have been removed Wood blocks representing samples or potennally 
contammated core shall be mserted m place of  the core and shall be marked to mdicate the depth mterval of  the 
core which has been removed and (for potentially contammated core) where the removed core is located 
Correspondmg blocks shall also be placed at the top and bottom of  the secnons o f  potentially contammated core 
that are removed, notmg the depth mterval represented and the locatlon of the rest of the core fiom which the 
removed sections were taken By so msemng and labelmg the blocks it will be possible to properly reconstruct the 
core when necessary 

I f  only cuttmgs are collected, a representanve sample shall be collected every 2 feet I f  dnllmg rates or depth 
consuamts make this unpracncal the collection mterval shall be 5 feet The RMRS project manager shall 
determme the collection mterval After bemg scanned, these cumngs shall be placed m labeled JWS m the 
appropnate location m the appropnate core box (not contammated or potennally contammated, the latter bemg 
segregated by type of  contammation) 

Each core box and lid shall be marked (usmg a suitable mdelible marker) with the followmg mformation 

WelVborehole number 
General area (e g East Buffer Zone 
Depth mterval 
Date 
Project name 
k g  geologists mitials 
Logger's mitials (after loggmg is completed) 
Box number and the total number of  boxes for that wellhorehole 
Appropnate hazardous waste labels 

MSS 118 1 ) 

The core boxes will be closed and secured m a manner such that core will not be disturbed or mlxed up dunng 
transportation I f  scans performed as discussed m Subsection 4 1 1 mdicate the presence of  radioactive or 
hazardous contammation the top surface of  each box top used for potennally contammated core will be marked 
with the results of  these scans Core boxes suspected of  contammg low-level radioacnve substances will be labeled 
with a White I radioacnve label Core boxes suspected of conmmg volatlle organic or mlxed substances will be 
labeled with a Department of  Transportanon Other Regulated Matenal Class E (OM-E)  label (see SOP FO 10 
Receivmg Labelmg, and Handlmg Envwonmental Matenals Contamers) I f  the suspected contammation is mlxed 
substances the core box shall also be marked with the words SUS RAD for suspected radmmve contammation 
The RMRS project manager shall be n o ~ e d  before core suspected of  bemg contammated IS transported 

Core that is determined to be potennally contammated shall be stored m appropnately marked storage facilines All 
other core boxes shall be stored at the mam core storage facilay at WETS However with the exceptlon of 
potennally contammated core core that IS to be logged m a separate loggmg facility may be temporanly stored m 
that facilines unnl logs have been signed off by the appropnate RMRS personnel After the logs have been signed 
off the core shall be moved to the mam core storage facility 

(4011 930-0062 93OxRMRyopEPRO 101 REV OXIY17/98) 
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4 13 Sampling 

Tune-sensitive samples such as those collected for the analyss of VOCs, shall be collec#d rmmcdmtcly after the 
core has been scanned, measured, and peekd (see Subsectlans4 1 1  and 4 1.2) The con sbatl be handlsdand 
samples collected UI a quick, ef€iclcnt manner that w~ll mmmw he poteatial tbr of@usmg ~ d l ~  degm&th of 
any VOCs or other bme-scnsitlve analyas of mterest that may be p#snb. lher WP rsqunu that dl ~ldecss~ry 
equipment and supphes (such as sampIfn8 trowtls, sample oantamcn, SBC 1 be on hand and nr6y for use In 
a n o n ,  penoMel will take -to prevent thecore h being exposedm outdo swvces of umtammauon (sudt 
as vehicle exhaust, dnllmg flu& luhcants, markrng pens, etc) and firom ather &om that may cause 
chemd changes (such as prolonged aq~wurr  to sunhgkt) 

Samples collected for geophysical rnalyses or for other pupodes should be removed ody *the con has been 
l o e g e d a n d ~ & l f a p p o p n a t e  

Sample number 
Deprh 

If samples arc collected at a lata date, the wood block that IS msated should be merkod wtth the above 
mfomlatlon as well as the folkwlng derarls 

purpose 
Date 

4 1 4 Pkogrqvhing the Core 

I 
I 
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4 2 Description of Surficial Matenals 

The USCS is used at WETS to descnbe all surficial geologic matenals that are not bedrock As noted above 
examples of such matenals that are common at RFETS mclude alluvium colluvium fill and agronomic soils 

The USCS as used m this SOP has been modified from the Army Corps of  Engmeers Technical Memorandum 
U o  3 357 The Unified Soil Classification Svstem (1960) Physical charactenstics that are normally determmed 
through laboratory analyses are not mcluded m this SOP because they are neither practical to do m the field nor 
appropnate for geologic loggmg 

4 2 1 B a r s  of CIasrfication 

The USCS histoncally has been used to classify soils based on theu textural properties liquid I n i t ,  and organic 
content The term soil has been used by engmeers as a catchall term that mcludes all unconsolidated matenal 
Because engmeers are concerned with how the soil behaves as a ConstNCtion matenal this all mclusive approach 
has served them quite well However at RFETS it is more important to determme the possible paths of 
groundwater movement based on lithologic vanability and geologic processes than it IS to determme the 
engmeemg propemes of a geologic matenal Some modifications to the USCS are therefore appropnate 

In this SOP the USCS shall be applied only to unconsolidated s ~ i c l a l  matenal Thls separates unconsolidated 
surficial matenal from bedrock which may have well defmed sedunentary and depositional patterns regardless of  
the degree to which the bedrock has been weathered 

4 2 2 Texture 

4 2 2 1 Gram sue scale 

The USCS gram sue scale is divided mto four mam categones (1) cobbles (2) gravel (3) sand and (4) fmes The 
gravel sand, and fmes are M e r  subdivided mto coarse and fme gravel coarse medium and fme sand and silt or 
clav fmes 

Table PRO 101 1 is a summary of  the USCS Wentworth Atterberg and U S Department of  Agnculture (USDA) 
gram sue scales (Krumbem and Pemjohn 1966 Compton 1962) In this SOP the USCS gram sue scale is used 
when loggmg alluvium colluvium fill and agronomic soils and the Wentworth scale is used for loggmg bedrock 

Divisions between gram sue classes (especially between gravel and sand and between sand and silt) vary from 
scale to scale Thls makes it somewhat difficult to compare USCS gram sue analyses with analyses based on other 
scales Most geotechnical laboratones only report the USCS gram sue ranges Figure PRO 101 1 shows both the 
L'SCS and Wentworth gram SUR ranges ASTM D422 Particle Sue Analysls of  Soils should be used to perform 
gram sue analyses but should be modified to mclude a 230 sieve when bedrock is bemg analyzed 

Sieves and gram SUR charts should be used regularly when gnun sue determmauons are made Some error is 
unavoidable m gram SUR determmauons made m the field and the RFETS core loggmg facility as compared with 
those denved by a geotechnical laboratory Field descnpuons of  gram sue dlstnbutions are typically visual 
estlmates loggmg facility analyses are based on volwnemc (vlsual) measurements and geotechnical laboratory 
analyses uulm wet sievmg and weight measurements However the procedures employed m thls SOP 
significantly reduce the e m r  

(40011 93~2-93OxRMRyoPS-PRO 101 REV OXIY17I98) 
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Table PRO 101 1 Gram sttc d e s  (m millmetas [mml). 

USCS Wentworth Atterbcrg USDA Component 

(Vanable scale) (Bw 2) (eapc 10) (VsrkwesCJc) 

>762 

- 
762 19 

- 
194 76 

25664 

64-32. 

32 16. 

16-8. 

84. 

4-2 

- 2 1  - 21 VCycOrseSatld 

4 76-2 14 5 242 14.5 colncsad 

2 42 0 5425 - 0 54.25 M d ~ m  srd 

42 074 0 254 125 024 a2 025.0 1 F i i  SnRd 

- 0 1254M25 - 0 140s VayFnwsaB 

The followmg steps shall be followed when loggmg cort at a loggmg hcrlrty to Qtermlne the gram SIZE 

dlstnbunon of a sample 

1 The core shall be subdivldcd iuto m t e d s  of sunilar Mologles 

2 From each mterval, a small mprucnmve sampk M I  becofkc€cd, dned, dmgp@t& (seperatsd into Its 
component class), and slcvcd using the qpqmate s m  nsw. Can sharld be taken to d h g p g a &  the sample 
without puherumg d and thmby more fines Because of tl# tendatcy fix clays to clump 
dsaggregation of the fine h c t m  may &to be mpcatcd in Ontato scpsrcrtc ults from clays 
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All percentages should normalue to 100% and be recorded m the gram sm column of the loggmg fonn 
Because of the mherent vanability of geologic matenals especiallv the surfcia1 matenals that are common at 
WETS the percentages determmed for the sieved sample mav be slightly different for another sample of the 
same mterval It is therefore appropnate m some cases to record ranges of percentages rather than a smgle 
value (e g 

4 

5 10Y0 silt rather than 8% silt ) 

For tvpical projects gram sue dismbutions shall be estunated m the field Because gram sue dismbution is the 
major determmant m the USCS soil classification and is also a controllmg factor m fluid flow behavior the logger 
shall exercise an enhanced level of thoroughness and care m estmanng gram sues 

4 2 2 2 Graded Matenal 

The USCS defmition of the term graded is very different from its sedmentologic defmition In USCS 
classifications the concept of graded matenal is used to descnbe the number of gram sue ranges that are present 
withm the central portion (approxmately 80 percent) of the gram SUR distnbutlon for samples with less than 5 
percent fmes (silt and clay) If 80 percent of the sample contams predommantly one or two gram sue ranges (such 
as medium and fine sand) it is poorly graded and is assigned the symbol (P) If it contams three or more gram slze 
ranges (such as fme gravel and coarse medum and fme sand) it is well graded and is assigned the svmbol (W) 

4 2 3 Estimates of Plasticiry 

The plasticity charactenshcs of fme gramed unconsolidated surficial matenals (I e those m which the fine fraction 
constitutes more than 50% of the representatwe sample) should be esnmated per USCS procedures This procedure 
is best Derformed m a loegme facilitv or laboratory The followmg paragraph and paragraph excerpts are taken 
from the The Unrfied Soil Classrfication System Append~x A Characterrsrics of Soil Groups Pertaining to 
Embankments and Foundations ( pp 15 & 16) 

Pamcles larger than about the No 40 sieve sue are removed (by hand) and a specunen of soil 
about the sue of a 12 mch cube is molded to the consistency of putty If the soil is too dry water 
must be added and if it is sticky the specunen should be spread out m a thm layer and allowed to 
lose some moisture by evaporatlon The sample is rolled by hand on a smooth surface or between 
the palms mto a thread about 1/8 mch m diameter The thread IS then folded and rerolled 
repeatedly Dunng this manipulatlon the moisture content is gradually reduced and the specunen 
stiffens fmally loses its plasncity and crumbles when the plastic h i t  is reached After the thread 
crumbles the pieces should be lumped together and a slight kneadmg actlon connnued until the 
lump crumbles The higher the position of the soil above the 'A h e  on the plast~city chart the 
stiffer are the threads as thev water content approaches the plasm lunit and the tougher are the 
lumps as the soil is remolded after rollmg 

Samples with a low plastlcity form a weak thread and 
the plastic h i t  

cannot be lumped together mto a coherent mass below 

Samples with a medium plastlcity form a medium tough thread (easy to roll) as the plastlc lunit IS approached but 
when the threads are formed mto a lump and kneaded below the plasnc lmit, the soil crumbles readily ' 

Samples with a high plasticity form a snff thread as thev water content approaches the plasbc Init and the 
tougher are the lumps as the soil is remolded after rollmg ' 

(4011 930-0062 93OxRMRyoPSPRO 101 REVOKIY17/9I) 
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Accurate descnptlons of moisture content am extremely uapomnt at RFETS for the proper deslgn of groundwater 
monitonng wells and because of other groundwater related ISSUCS. Moisture must be described unmediattly upon 
recovenng the core as it typmlly evaporates quickly due to exposurr to ax and ddmg-relatcd warmmg of the 
core 

The con  shall be described as dry, sl- mow moist, OT satuntcd, and the depth to the top of the satunrted 
mrval shall be recordad If a stat~c water k w l  can be mawwed, R shall be notedm die logbook and on Form 
GT 1B or the back ofthe core loggmg fonn (Form PRO 101A) ifFsnn PRO 101B IS not- used The moIstun 
content shd be mcludcd m the core dcscrpmn 

Two examples follow 

i 
i 

c 
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Example 2 Eighty-five percent of the matenat IS smaller than the no 200 SEW, 5 percent IS gravel 10 
percent is sand 30 percent IS sllt, and 55 percent IS chty that has a low to medium plashcity The proper 
classificatlon for this sample IS sllty clay wth some sand and a trace of $ravel (CL) 

Note Both examples use the range of abundance terms defined m stcaon 4 3 3 1 

Generally, sample descnptlorw should be made in the followmg order 

e 
e 

e 
0 

e 

e 

e 
e 
e 

e 

Main textural clasrificetron wtth modlfitn 
Color 
Gram slzc 

An- (ASTM D2488) 
G-&l 

PlaStlCQ 
COInpOSltl~ 

-&l 
Moutun content 
Top of bedrock, if present 

4 2 6  P r o 6 l e m r W ~ h h t h e S  

A change of 1 or 2 percent m coarse or fine matenal on elthea slde of the SO percent boundary may cause the 
sample cbssificatm to vary considerably For example, a clayey gravel (GC) QC a ckyey sand (SC) could 
change to a gravelly clay or a sandy clay wrdt low plastlctty (CL) or a smiy clay wlth h~@ plashcity (CH) Cksrly 
a classificanon system that IS tius sens&ve 1s dyect to crro~, espectally tn the field. 

Another problem 1s that tt IS all butmrpoaSiMct0 detnrmnea hquxilmtm dre &id. Forthe purposes of thm SOP 
the liquid h i t  has been replaced by field sbinatc of piarticlty [see subseeaon 4.2 3) Ail loggers shall refer to the 
WETS Alluvlal Reference Set as enad rn d u n g  pktclty determtnatloas. 

The USCS also lacks the textural property of angularity that helps twkamme the matunty of sedrmcats 

Finally the USCS IS a purely descnpm classdkatum that has ban desyp#d for coWmctm purposes and 

and IS very cumbersome 
CQncenm heavlly on the phystal PrOpatHs of clay i3muise ofthis, the USCS has 15 SBmple class- 
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FIGURE PRO 101-2 SOIL TYPES 

I I 
Major 

Divisions 

coarse 
Wried 
sals 

MU8ttUnSOK 

or nulnul o 

LI-fJUthnnO 

200 m a  uza 

fine 
Gmned 

I Highly 01 

Gravel 
and 

Gravely 
sorts 

Sand 

Solls 
s% 

SIRS 
and 

Clays 

Clean 
iravels 
I< 5% 
fines) 
h v e l s  
mth 
FiWS 

> l2Ya 
flneS) 
Clean 
sand 

(. 5% 
fines) 

- 

I a l l  Y I 
Descrjptmn 

Note Dual Svnibls are used to indicate borderline soil classitiations 
whose fines range froni 5 to 12% 

Unified Soil Classification System 
lModitied troni Water Well Design and Constructioii Developnrent in 
GeoteLhniLal Eiigineeriirg 60 by R L Harlan K E Kolii and 
E D  Gutentag Elsevier 1989 
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. 

4 3 1 

Compton classifies sednnentaiy rocks on the bas= of  the^ texture, Mnc, and compositlan Rock descnpuons such 
as conglomerate sandstone, siltstone and shale (or claystom md mudstone) arc textural classificat~ons based 
solely on gram sue When other pmpahes llke somng, roundness, bed tlnclmess and coRescts cross-strattficaaon 
color composition, cement, porostty and fossil content arc mcIudcd, it w possible to make mtqmtahons of 
where how, and under what condlwlls the sedments wen deposited. 

Barrr of Chstfiatrion 
., 

4 3 2  Texrure 

The wentwolth gram sm scak u dlvlded im slx mam categories (1) cobbtes, (2) pebbles, (3) greu- (4) sa& 
(5) silt, and (6) clay The pebble a d  s8ud catcgones arc subd.!v&d mto very oopne, cocme, mednun, and fme 
pebbles and very coarse, co~vsc, mcdium, fine, and very fine sand (see Table PROf01-1) The d e  w a 
gcomctnc scnes wth a base of two 

4 3 2 2  sorting 

Somng is a measure ofthe extent to which sedtmenrs hrvo been wulllowdd or reworked dwag mmport. It also 1s 

a good dcam of the matunty of a scdbnt, theenergy ofthe trrnspaatlgg agent, and the envuoluncnt of 
deposiaon sortmg can also be a contmbgfiaor m the poFoaay and permraadrty - -  ofxdmrene whtcharevesy 
unportantconslderPaonsatRFETS 

In order to determme the degree of sortmg, Compton (1962) states, "an cstmatc w made of the range of gnun s m  
that mclude the bulk (here 80 pcrcmt) ofthe detntal w" It ts &en nexssmy to cotmt the number of sue 
ranges that arc contamed m the 80 perant sample (see Tabk PRO 101-1) Ihc number of suc ranges I then 
COmpBcdd with F i p  PRO 101-3 t o m  the degrre of the -le beat. 

4 3 2 3  Degneofroundmg 
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4 3  2 4  Porosity 

Porositv is not alwavs an easy property to estunate m the field because the bedrock can be drastically altered dunng 
drillmg and cormg Generallv samples exhibit more porosity than the rock actually contams 

Porosity shall be estunated at 20X usmg a bmocular microscope to examme a representative fiagment of core and 
will be expressed as a percentage of the total rock volume The abundance charts shown m Figure PRO 101 5 shall 
be used The porosity seen at 20X power is an estunate of the effective aquifer porosity 

4 3 3 Estimate ofAbundance 

Figure PRO 101 5 shows the field of view seen through a microscope or hand lens Each cvcle contams a number 
of black areas Below each circle is the actual percentage of the cmle represented by black area All loggers should 
review Figure PRO 10 1 5 unnl they are adept at estunatmg the percentages contamed m the clrcles 

Often it is necessary to estunate the relanve abundance of a component In these cases the terms trace some and 
abundant are useful These terms generally follow a with statement, such as sandstone light olive gray (5Y6/1) 
verv fme to fme gramed with a trace of carbonaceous matenal ” The ranges for these terms are given m Table 
PRO 101 2 

Table PRO 10 1 2 Range of abundance terms 

Division Range of Percent 

Trace XI to 5 
Some 6 to 25 
Abundant 26 to 100 

4 3 4 Color 

Color can convey a great deal of mformanon It helps to idennfy the components of the sedunent or rock as well as 
the cement In addinon color mdicates the current chemical envuonment &om which the sample was taken For 
example at RFETS highly weathered (oxidmd) sandstone is commonly brown&orange while unweathered 
sandstone is light olive gray Transinons h m  one color to another can be sunilarly unportant and should be 
descnbed, together with the depths of the transinom, when present 

To ensure that the color descnptlons are accurate and standardmd, each sample should be descnbed while it is 
wet by usmg one of the standardued color charts based on the Munsell system Either the Geological Societv of 
Amenca Rock color Chart or the Munsell Soil Color Chart shall be used, both of which are m the form of 
booklets appropnate for field use Both color charts are based on the Munsell system and are taken h m  the 
Munsell Book of Color but the Rock-color Chart c o n m  a more abndged selmon of colors than IS present m the 
Soil Color Chart 

If the sample has dned, it should be m o a n e d  with clean water h m  a squut bottle Sunglasses shall be removed 
when a color is bemg determmed If loggmg mdorrs, either natural light (sunlight) or mcandescent light shall be 
used Color determmanon shall not be made under fluorescent lights as they can change the apparent colors and 
differences between colors Both the color name and its numencal designation shall be reported on the loggmg 
form (Form PRO 101A) such as silty sandstone with some clay, light olive gray (5Y6/1) 

(4011 9306062 93O)(RMRS/OPEPRO 101 REVOX12/1719() 
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TERMS FOR DEGREE OF SORTING 

FIGURE PRO 1013 

Ternis for degrees of sorting. The numbers indlcrte tbc of lnduded by the great 
bulk (80 pcrccnt) of the mrtcrul Tbe dmwap rcpcrsrrc mndstoncs 8s seen wth I hrnd lens Silt 
aiid cliy-size niaterirls are shown dirgnmrtrurlly by tbe T i  strppk T8ken clwn Chnpon. 1962 

TERMS FOR DEGREE OF ROUNDING 

FIGURE PRO 101-4 

Terns for degree of rounding gam as seen wtch a hand lenr After Powers M C 1953 Journal 
of Sedinieiitary Peimlogy v 23 p 1 18 Couriery of the Sauety o f  Economi~ Paleontologists and 

Mineralogists Taken from Coniptoa, 1962 
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4 3 5 Rock Classlfcation 

Clastic rocks are pnmanly classified on the b l s  of the dommant gnun SIZC present The majonty of the bedrock 
movered tiom boreholes at RFETS IS claystone, siltstom sandstone, and hybrids of these end members The 
second and someames thud most fkquent conmtuents act as modifiers and precede the m a p  rock narne m the 
desmptton such as silty sandstone' or ' clayey siltstone However, f a  rock IS composed of 80 percent or more 
of one comment, then it should be named sokly as that rock type l?w secondary texttd m&iiers should be 
mcluded m the descnphon followmg a "wah" statement, such as "shy sandsme wlth cloy' Figure PRO 101-6 
shows the rock class~cat~ons and ckpondmg Iitholog~~ symbols &at shall be used when Glng bedrock at 
RFEn 

4 3 6  Cement 

4 3 7  Frrability 

The tendency of a rock to crumble IS related 60 how well t IS amcnad and the extent to which ~t has been 
weathered or Otberwlse altered Table PRO 101-3 shows the d q w  ofhbdity Note &at friabliity refers to a rock 
brealungbehveea mdividual grams. It IS not the same as fkihty, the tffldency of a rock to break along beddmg 
planes jamb, or other Jadrmentsry s(rucnurs 

Table PRDO 101-3 Degree of fn8bhty 

Non-Fnable CaMotbebrokcn mto mrllvldualgrams 
by any ofthe lnetho& dcsaibed abow 

wlll powder oc meet Teadlly under I@ 
Anscrpnssun 

wdi powder or smear wlth repeated 
Nbbw 

Will p d e r  or smear if scraped wlth a 
kmik 

Cannot be & t o  powder or smear by any 
of thsmemods dbsazbcd above 

4 3 8  Comparirron 
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4 3 9 Beding and Internal Structure 

In sedimentarv rocks beddmg may be evident fiom apparent differences m texture composition and color and 
reflects changes in the depositional envuonment the source material or both Dependmg on the depositional 
processes that were mvolved beddmg boundaries may or may not represent a specific moment in tune 

Compton (1962) classifies beddmg as repeated sequences of beds shapes of mdividual beds and cross beddmg 
(cross-suatificanon) Repeated sequences of beds are produced by cyclic changes m the sedunentary processes 
Shapes of mdividual beds are classified as tabular lentlcular hea r  wedge shaped or megular Cross 
stratificatlon is classified on the basis of its external and mternd charactenmcs External forms of cross 
stratificatlon are tabular wedge shaped, and trough shaped Internal descnpnve terms that are commonly used are 
graded massive lammated, and tangential (Figure PRO 101 7) Other mternal features to be descnbed mclude 
npple marks flow structures, burrows and tubes load casts and desiccatlon cracks (mud cracks) 

4 3 10 Fractures and Slickensides 

Fractures should be dexnbed whenever they are present, and drawn m the appmpnate column on the loggmg form 
(Form PRO 101A) Fractures occur naturally m bedrock and should not be confused with breaks mduced by conng 
and handlmg Fracture charactensncs that should be recorded mclude 

e 

e 

e 

e 

0 

Whether the fracture LS opened or healed 
The compositlon of the matenal fillmg the !hcture if any 
The angle of the ffactwe fiom the homntal 
The apparent displacement of beddmg across the hcture 
Whether Slickensides are present and the angle of any smations fiom the honzontal 

4 3 11 Morsture Content 

As previously noted, accurate descnptlons of moisture content are extremely unportant for the proper design of 
groundwater monitonng wells and because of other groundwater-related issues at RFETS Moisture must be 
descnbed mediately upon recovenng the core as it typically evaporates quickly due to exposure to au and 
dnllmg related w m m g  of the core Moisture content shall be descnbed as discussed m Subsection 4 2 4 

4 3 12 Lithologic Descrpion 

Generally lithologic descnpoons should be made m the followmg order or m an order that is comprehensive and 
mcludes all of the followmg descnptlons m a logical or applicable sequence 

e 

e 

e 

e 

e 

e 

e 

e 

Top of bedrock, if present 
Mam rock type with modifiers 
Color(s) 
Gram sue 
Degree of s o n g  
Degree of roundmg 
Porosity 
Cement 
Fnability 
Composiuon 

(4011 9304062 930XRhiWOPS PRO 101 REVOXlYI7/91) 



LOGGING ALLUVIAL AND Procedure No RMRSOPS PRO 10 I 
BEDROCK MATERIAL Revision 0 

Date effective 12'3 1/98 
Page 22 of 28 

v * 
8 Beddmg and mtcmal strucwe 
0 Fracaurs and Slickensides 
8 Moisture content 

5 0  RECORDS 

Immediately after all lithobg~c descnphons core data and borcholc/wdl data for a h g  has been recorded on 
Form PRO 1014 the loggrns geologw shall c#act the appmplate * Rh4BS ovenight penonnel to arrange for a 
core log quhy control check and sign-off by an approved RMRS gcdog~& The RMRS geobgst responsible for 
the core log quality control sign-off shall viaally lnspectthe conagamth cere log to assure that tfre logger IS u1 
complmce unth the CQIU loggmg proadures 86 specified in tho SOP d e r  any other controilmg documents if 
applrcable The RMRS gadogutmay r e q u c s t t h a t ~ ~ b c  umqmitd  mto the desmptm or 
request a check of the stfve analym or adraproadunsto ctmfbn the dawphon ofthe core m t m d s  lnqueshon 
An example ofa c~mpleted Farm PRO lOlA IS mcludd F i p  PRO 101-8 

n e  logging g c O l 0 ~  wlu bear the pnmary respolMlblllty for bbWiBg& pl.ocub wlthln thls SOP, or those 
procedures Wlthln thls SOP that apply to thc oagolno prryect as defined by the appqmtc work plan or other 
controllmg document or wrmen RMRS corm- 

* 
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COMMON CLASTIC ROCKS 
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BEDDING AND INTERNAL STRUCTURES 

Vanous beds and KU of kcit Taken Gom Compton, 1961 

FIGURE PRO 101-7 
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6 0  REFERENCES 

6 1 Source References 

The followmg references were reviewed before this procedure was mtten 

Amencan Society for Testmg and Matenals (ASTM) 1989 Method for Particle-Sue Analysu of Soils Soil and 
Rock Dimensions Stone and Geo-synrherics Vol 04 08 Sec D422 

Amencan Society for Testmg and Matenals (ASTM) 1989 Practice for Descrption and Identlfiction of Soils for 
Engineering Purposes fvlsual-Manual Procedures) Soil and Rock Dimensions Stone and Geo- 
Synthetics Vol 0408 Sec D2488 

Blatt, H G Middleton R Murray 1972 Origin of Sedimentary R o c b  Prennce Hall 

Compton, Robert R 1962 Manual of Field Geology John Wiley & Sons Inc 

Harlan R L K E Kolm E D Gutentag 1989 Wafer-Well Design and Construcfion Development rn 
Geotechnical Engmeenng MO Elsevier 

Krumbem W C F J Pettijohn 1966 Manual of Sedimentmy Petrography Appleton-Century Crofts 

Unified Soil Classificahon System 1960 Appendm A Characteristics of Soil Groups Pertaining to Embankments 
and Founaiztions Appenda B Charactermcs of Soil Groups Pertaining to Road and AiMeld U S 
Army Engmeer Waterways Expement Stanon Vicksburg MS 

6 2 Internal References 

Related SOPS cross referenced by this SOP are these 

SOP RMRS/OPS PRO 1 14 Dnllmg and Samplmg Usmg Hollow Stem Auger Techniques 

SOP RMRs/OPS PRO 1 16 Rotary Dnllmg and Rock Conng 

SOP RMRS/OPS-PRO 124 push Subsurface Soil Sample 

SOP FO 8, Handlmg of Dnllmg Fluids and Cuthngs 

SOP FO 10 Receivrng Labelmg and Handlmg Envmnmental Matenah Contamers 

SOP FO 15 Photoionrzanon Detectors (PIDs) and Flame Ionlzatlon Detectors (FIDs) 

SOP FO 16 Field Radiological Measurements 

(401 I 930-0062 930xRMRyopEp110 101 RJX OMIY17191) 
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Surtace ~tevation ,-, 

Area Fnsb Tc 

Company r Prqecf No 01) 
Sample Type -u * Gr 'Q  

RMRS LOGGING SUPERVISOR 
APPROVAL DATE 
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c 
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I ' S  D E P 4 R T M E N T  OF EI'ERGY ROCKY FLATS P W Y T  FORM PRO lOlA 

PAGE - OF- ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 
Borehole Number Surface Elevation 
Location North East Area 
Date Total Depth 
Geologist ,ompany 
Drilling Equip Sample Type 

=roiec' No P 

RLlRS LOGGKG SUPERVISOR 
APPROVAL 

NOTES General USCS IS modified for this log as follows 

3ATE 

SAMPLE DESC R I PTlON 

Procedure Uo ffiMRS/OPS PRO IO 1 
Materials amounts are estimated by Y. volume instead of Y waght 
(1) Badly broken core accurate footage measurements not possible 
(2) Core breaks Cannot be matched accurate footage measurements not possible 

Revision 0 
Date effective 1213 1/98 
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FORM PRO lOlB Preiirninarv Borehole Field Log 
I-: 

1 Date 
I 

I h g  Geobgst Companv 


